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ABSTRACT : 

■ PROBLEM. TO BE SOLVED: To reduce parasitic capacitance of 
a source and drain 

diffusion layers with a body or gate sharply, and to . 
improve the switching 

characteristic of a circuit, by forming. the pattern of the 

gate electrode in 

lin. 

SOLUTION: On a semiconductor substrate 1, a' silicon 
layer insulated and 

separated by a silicon oxide film 2 and an element 
separating insulating film 3 

exists-, and on the 'silicon layer a gate electrode 5 is 
formed with a gate 

insulating film 4 between. • Besides, in the silicon layer, 



a source and a drain ' 

diffusion layers 6 and a strap contact 8 to a body and the 
gate are formed. In 

this way, a gate-body short-circuited' SOI -MOSFET. with a 
body contact is 

constituted. And a gate electrode 5 is, formed linearly so 
that the width in 

the direction of its channel width may be approximately 
equal, i.e., formed 

into ah I shape. Consequently, it becomes possible to 
ignore parasitic. ■ ■ ; 

capacitance of the course and drain layers with the silicon 
laye : r principally, 

and to improve the switching characteristic of a circuit. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor device, the metal oxide silicon field effect transistor using 
SOI (Silicon On Insulator), and its manufacture approach especially. 

[0002] ' 
[Description of the Prior Art] Since it is strong to a short channel effect and the parasitism junction capacitance ("parasitic 
capacitance" may only be called) is small compared with the bulk MOSFET which uses a silicon substrate surface as a 
channel, the metal oxide silicon field effect transistor ("SOI-MOSFET" is called hereafter) which uses as a channel the front 
face of the semi-conductor thin film which consists of silicon formed on the silicon oxide which is an insulating material has 
an advantage, like the switching rate of a circuit becomes quick, however, although it be made to usually operate with floating 
potential, without connect an electrode to the body (this be call the "body" in thin film SOI-MOSFET since the component 
field in which each channel be form be separate), there be a fault of the majority carrier which the carrier of a channel carried 
out [ the majority carrier ] impact ionization and generated at the drain edge in this case having been accumulated in the body, 
having change body potential, and as a result having change the property of SOI-MOSFET. 

[0003] On the other hand, in SOI-MOSFET with body contact in which the electrode which gives potential to the body was 
formed, since a majority carrier is drawn out from a body electrode and the potential of the body is stabilized, the so-called 
problem of the substrate suspension effectiveness does not arise. Moreover, since the threshold at the time of ON is reduced, a 
drain current can be increased, the threshold at the time of OFF can be increased and leakage current can be fallen by making 
body potential control dynamically according to the structure (a "gate-body short circuit mold" is called hereafter) where the 
body electrode was short-circuited for example, . with the gate electrode, a switching characteristic can be sharply raised to the 
former. 

[0004] Drawing 9 is drawing showing typical SOI-MOSFET with body contact (in the case of the n mold MOS), (a) is a top 
view and (b) - (e) is the 9B-9B sectional view of (a), a 9C-9C sectional view, a 9D-9D sectional view, and a 9E-9E sectional 
view, respectively. In addition, in drawing 9 , the contact to the source drain 6 is omitted and drawing shows the place which 
carried out opening of contact 8' to the body 3 the gate 5 top. For example, it becomes a gate-body short circuit mold by 
short-circuiting both the contact section with the same wiring after this. 

[0005] However, the gate electrode was used as H mold and the source drain field and the body drawer field from the channel 
section were made to separate in SOI-MOSFET with body contact as shown in drawing 9 . In the field shown in the 
flat-surface pattern by the dotted line, for this reason, the junction capacitance between a source drain and a body field, Or 
increase of the parasitic capacitance 1, such as overlap capacity between a source drain field and the gate, Moreover, increase 
of the gate capacitance for area increase of the gate electrode which increased by having made it H mold shown with parasitic 
capacitance 2, or the parasitism resistance to the contact formation field from a body field to the body field under a channel 
was not able to draw out sufficient engine performance. 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, the increment in the parasitic capacitance between a source 
drain field and the gate etc. was not able to draw out the engine performance of a transistor enough conventionally. This 
invention was made in consideration of the above-mentioned situation, and the purpose aims it at offering the semiconductor 
device which aimed at improvement in a switching characteristic, and reduction of degradation of the component property by 
fall of potential or potential delay. 
[0007] 

[Means for Solving the Problem] This invention provided the following means, in order to solve the above-mentioned 
technical problem. In this invention, it is for reducing the parasitic capacitance of SOI-MOSFET with body contact, and 
parasitism resistance, and is characterized by things as the point having made it be the following. 

(1) Make the pattern of a gate electrode into a linear I-beam. Thus, the parasitic capacitance 1 with a source drain diffusion 
layer, the body, or the gate is lost theoretically, parasitic capacitance decreases sharply, and the switching characteristic of a 
circuit improves because the gate electrode became linear. 

(2) Make thickness of the gate dielectric film of the body drawer field section for body contact formation thicker than the 
thickness of the gate dielectric film of the body field section which functions as a channel. Thus, by thickening thickness of 
the gate dielectric film of the body drawer field section, gate capacitance is reduced and the switching characteristic of a 
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circuit improves. 

(3) Make sheet resistance of the body of the body drawer field section lower than the sheet resistance of the body of the body 
field section which functions as a channel Thus, degradation of the component property by fall of potential or potential delay 
can be reduced by making the high impurity concentration of the body drawer field section body increase, reducing sheet 
resistance alternatively, and improving the controllability of body potential. 
[0008] , 

[Embodiment of the Invention] The gestalt of operation of this invention is explained with reference to a drawing. Drawing 1 
is drawing showing SOI-MOSFET of the n channel mold as a semiconductor device concerning the 1st operation gestalt of 
this invention, especially a MOAT mold, (a) is a top view and (b) - (e) is the IB- IB sectional view of (a), a 1C-1C sectional 
view, a ID- ID sectional view, and a IE- IE sectional view, respectively. 

[0009] On the semi-conductor substrate (substrate silicon wafer) 1, silicon layer 3' (it is also hereafter called a "body field") 
by which insulating separation was carried out by the silicon oxide film 2 and the insulator layer 3 for isolation is, and the gate 
electrode 5 is formed through gate dielectric film 4 on silicon layer 3'. Moreover, the source drain diffusion layer 6, and the 
body and the strap contact 8 to the gate are formed in silicon layer 3'. Thus, SOI-MOSFET with gate-body short circuit mold 
body contact (n mold MOS) is constituted. 

[0010] With this operation gestalt, it is formed in the shape of a straight line (namely, I-beam) so that the width of face of the 
channel width direction of the gate electrode 5 may become almost fixed. Although parasitic capacitance was a problem in the 
former as shown in drawing 9 since the configuration of a gate electrode was H mold, it has become by having made the 
configuration of the gate electrode 5 into the I-beam like this operation gestalt as [ ignore / the parasitic capacitance of the 
source drain diffusion layer 6 and silicon layer 37 theoretically ]. 

[001 1] Although the manufacture approach of the semiconductor device concerning this operation gestalt may be the same as 
usual, it explains the manufacture approach of the semiconductor device concerning this operation gestalt briefly below. For 
example, each component field for forming a component by the LOCOS method, the STI method, etc. is formed first. Next, 
boron is introduced into silicon layer 3 1 by an ion implantation etc. as a channel impurity for threshold control of a transistor if 
needed. Then, gate dielectric film 4 is formed in the upper part of silicon layer 3' by oxidation etc., and the gate electrode 5 of 
an I-beam which consists of n mold polycrystalline silicon, its bipolar membrane, etc. is formed in the upper part. And this 
gate electrode 5 is used as a mask, the source drain diffusion layer 6 is formed in silicon layer 3' by an ion implantation' etc., 
or p+ diffusion layer is formed in the body contact formation section if needed. In this case, it is desirable to detach and form 
through eddy high impurity concentration (drawing p layers) so that direct junction may not be formed so that it may turn out 
to be the source drain diffusion layer 6 and p+ diffusion layer from drawing 1 (a). Finally, an interlayer insulation film 7, the 
body contact 8, and wiring that is not illustrated are formed, and parts with a main component are completed. 
[0012] In addition, in the above-mentioned operation gestalt, the body contact 8 is strap contact and can form contact to a 
body field by the minimum pattern (the minimum design rule) by forming contact in this way. Moreover, in drawing 1 , 
although body contact 8 is made into two places, if delay of body potential does not pose a problem, this need does not exist 
and that of one place is-good. — — ^ 

[00 1 3] Drawing 2 is drawing showing n channel mold SOI-MOSFET as a semiconductor device concerning the 2nd operation 
gestalt of this invention, (a) is a top view and (b) - (e) is the 2B-2B sectional view of (a), a 2C-2C sectional view, a 2D-2D 
sectional view, and a 2E-2E sectional view, respectively. With this operation gestalt, gate-di ^ctric^fj lnx4^f a body potential 
drawer field is formed in the 1st operation gestalt more thickly than the gate dielectric filM4 oj the channel sectign. Like this 

operation gestalt, it is easily realizable by forming jhe thick insulator layer of silicono xide * byThe emEe33jng after 

fo rming deposition, oxidation, or a slot in this part alternatively beforehand to make gate-dielectric-film 4' of a body potential 
drawer field thick£rthefHh^gafe dielectric^filmJLof the cli a^nel sec tion^ Thus, the parasitic capacitance of a body potential 
drawer field can be reduced by making gate-dielectric-fib^Vjtf a body potential drawer field thicker than the gate dielectric 
film 4 of the channel section. Moreover, in drawing 2 , although the configuration of the gate electrode 5 was made into the 
I-beam like the 1st operation gestalt, even if it is the configuration of the same^ff^iold as usual, parasitic capacitance can be 
reduced. 

[0014] The gate point making method as the manufacture approach of the semiconductor device of drawing 2 is explained 
with reference to drawing 3 . First, the silicon oxidization membrane layer formed by the volume or oxidization is made to 
leave alternatively by the photoresist. MOAT « law, the STI method which forms a slot and embeds silicon oxide, and 
LOCOS ~ thick silicon oxide 4' is formed by law etc. ( drawing 3 (a)). Next, the ion implantation to the silicon oxide 4' lower 
part and the channel section is performed, and reduction in resistance of a body potential drawer field, adjustment of the 
threshold of the channel section, etc. are performed. Then, gate oxide 4 is formed and the gate electrode 5 is formed in the 
upper part ( drawing 3 (b)). It considers as silicon **** or the structure which wound or carried out the laminating of the 
silicon oxide etc. in the upper part of a gate electrode. By carrying out like this, a gate electrode can be protected from the dry 
etching of the silicon used at a back process at the time of processing of a component field. Then, as shown in drawing 3 (c), 
after forming the source drain diffusion layer 6, a component is completed by performing isolation of a mesa mold. In this 
case, after gate electrode formation, after forming a LDDn-diffusion layer first, it forms so that it may leave silicon oxide, a 
silicon nitride, etc. to the side attachment wall of the gate electrode of a gate electrode, and n+ diffusion layer formation of a 
source drain is performed. The photoresist of a pattern which surrounds at least the field which turns into a component field in 
an ion implantation like before as the formation approach of a LDDn-diffusion layer and a source drain n+ diffusion layer 
behind is performed on a mask. 
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[0015] Then, a component field is formed by performing dry etching which etches silicon alternatively, where the front face 
of the silicon substrate of the gate electrode 5 and fields other than thick silicon oxide 4' is exposed. At this time, the pattern 
of the photoresist for forming a component field is carried out like the slash of drawing 3 (c). In addition, drawing 3 (d) and 
drawing 3 (e) are 3D-3D of drawing 3 (c), and a 3E-3E sectional view, respectively. Silicon substrates other than the field 
which took as a result OR of the pattern of the gate electrode 5 and silicon oxide 4' which were covered by silicon oxide or the 
silicon nitride in the surroundings, and this photoresist will be etched, and a component field as shown by the thick wire of 
drawing 3 (c) will remain. In addition, in this case, by drawing 2 , although the body contact 8 is formed, body contact may ' 
not be taken. Moreover, in drawing 3 (b), although the gate has become straight line-like, it can consider as the configuration 
of not only the shape of a straight line but arbitration. That is, it is applicable also to the silicon-on-insulator desubstrate of a 
type which uses the usual body by floating. 

[0016] As mentioned above, before performing isolation, according to the gate point making-method which forms a gate 
electrode, the trouble of degrading the component property of the mesa separation which is the conventional simpleest 
separation method can be solved, and simple and highly efficient isolation becomes possible. As shown in drawing 4 ( 
drawing 4 (a)' is 4B-4B and a 4C-4C sectional view, respectively for drawing 4 (b) and drawing 4 (c)), specifically in the 
former Degradation of gate pressure-proofing in the up corner section of a silicon layer edge, and the problem of leak of a 
parasitic transistor, In order to process the silicon layer used as a component field after forming the gate according to this 
manufacture approach for the problem of the processing remainder of the gate material by the level difference of a silicon 
layer etc., the above-mentioned trouble which coils round the corner, level difference, and gate electrode of a silicon layer is 
not produced at all. Especially, in a MOAT mold, since the thickness of a lower silicon layer is securable, the propagation 
nature of body potential becomes good and the stable component property is acquired. 

[0017] Moreover, this manufacture approach can be applied and a transistor with a capacitor can also be manufactured easily. 
In this case, especially an effective thing is that a capacitor field can form by the self aryne to a gate electrode, and can be 
called effective process also to detailed-izing of a component by this. In addition, in the former, the component field which 
serves as a capacitor beforehand was formed, it will cover with the gate electrode of a big pattern which the field is made to 
overlap, and detailed-izing was difficult. The top view is shown in drawing 5 (a), and the equalizing circuit is shown in (b). In 
addition, since the manufacture approach of the component shown in drawing 5 is the same as that of drawing 3 , detailed 
explanation is omitted. Moreover, as shown in drawing 6 ( drawing 6 (a) is 6B-6B and a 6C-6C sectional view, respectively 
for drawing 6 (b) and drawing 6 (c)) as usual SOI-MOSFET which does not form the contact to the body, the thick gate 
dielectric film formed first is not necessarily necessary. After a channel ion implantation, a gate electrode is formed suddenly 
and a component field is etched into a mask for a photoresist as (slash) shown in this gate electrode and drawing. If isotropic 
dry etching is used as a method of etching at this time, when gate length is detailed, from a photoresist pattern, etching 
removal is carried out and the silicon layer of the formation of a gate electrode of the field shifted can also reduce excessive 
parasitic capacitance. 

[0018] Moreover, structure of thick gate-dielectric-film 4* like this invention (refer to drawing 2 ) is effective as an approach 
of reducing resistance of the body field of a body potential ejection field. The reason is as follows. Since, as for the channel 
section, a threshold increases, especially high impurity concentration near a front face is not made deeply. Therefore, when 
carrying out the ion implantation of the impurity, it is necessary to make it the peak concentration become deep near an 
interface with the silicon oxide film 2. At this time, since it is thick, gate-dielectric-film 4' of a body drawer field can set up 
the peak depth of this part near the center of a thin film silicon layer more shallowly. In this case, in the deeper channel 
section, since most is introduced into a body field to many impurities being captured into substrate silicon oxide in the case of 
a body potential drawer field, it becomes high concentration and sheet resistance can be reduced. In this case, when the 
thickness of gate-dielectric-film 4' is thick, as shown in drawing 7 (a), the ion implantation to a body potential drawer field 
will almost be poured into gate-dielectric-film 4\ In such a case, as shown in drawing 7 (b), by performing separately the ion 
implantation of the depth injected into the silicon layer under gate-dielectric-film 4', shortly, it can be passed through the 
channel section and it can lower resistance of the body to a threshold, without influencing. 

[0019] Drawing 8 is drawing showing the semiconductor device concerning the 3rd operation gestalt of this invention, (a) is a 
top view and (b) - (e) is the 3B-3B sectional view of (a), a 3C-3C sectional view, a 3D-3D sectional view, and a 3E-3E 
sectional view, respectively. With this operation gestalt, a gate electrode is made to constitute from bipolar membrane with 
the 2nd gate electrode 5-2 which consists of the 1st gate electrode 5-1 and WSi which consists of n mold polycrystalline 
silicon, and etching removal of the 1st gate electrode 5-1 of a body potential drawer field is carried out. Then, an interlayer 
insulation film 7 etc. is deposited between the 2nd gate electrode 5-2 and **** silicon, and the gate dielectric film 4 of this 
part and 4' become thick. Or coverage, such as this interlayer insulation film 7, may be insufficient, and a cavity may be made. 
In this case, the capacity reduction effectiveness increases further because gas with the specific inductive capacity near 1 
becomes a part of gate-dielectric-film 4'. Or it deforms further, and in the operation gestalt of drawing 1 or drawing 2 , after 
gate electrode formation, selection removal of the gate dielectric film of a body potential drawer field may be carried out by 
wet etching, such as HF, etc., and gas may be sealed instead of gate dielectric film. As for this invention, it is needless to say 
that it deforms variously and can carry out in the range which is not limited to the gestalt of implementation of the 
above-mentioned invention, and does not change the summary of this invention. 
[0020] 

[Effect of the Invention] According to this invention, the following effectiveness is acquired. Parasitic capacitance with a 
source drain diffusion layer, the body, or the gate is lost theoretically, parasitic capacitance decreases sharply, and the 
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switching characteristic of a circuit improves because the gate electrode became linear. 

[0021] By thickening thickness of the gate dielectric film of the body drawer field section, gate capacitance is reduced and the 
switching characteristic of a circuit improves. Degradation of the component property by fall of potential or potential delay 
can be reduced by making the high impurity concentration of the body drawer field section body increase, reducing sheet 
resistance alternatively, and improving the controllability of body potential. 



[Translation done.] 



